CALIFORNIA LIVESTOCK OWNERS: AN ASSESSMENT OF FAMILIARITY WITH NEW
ANTIMICROBIAL RULES AND ACCESS TO EDUCATIONAL OUTREACH

A Thesis
presented to
the Faculty of California Polytechnic State University,
San Luis Obispo

In Partial Fulfillment
of the Requirements for the Degree
Master of Science in Agriculture with a Specialization in Animal Science

by
Philip Paulson
March 2019

© 2019
Philip Theodor Paulson
ALL RIGHTS RESERVED
ii

COMMITTEE MEMBERSHIP

TITLE:

California Livestock Owners: An Assessment of
Familiarity with New Antimicrobial Rules and
Access to Educational Outreach

AUTHOR:

DATE SUBMITTED:

COMMITTEE CHAIR:

Philip Theodor Paulson

March 2019

Jennifer Wishnie, DVM, MSc, MPH, DACVPM
Assistant Professor

COMMITTEE MEMBER:

Jaymie Noland, DVM
Professor and Animal Science Department Head

COMMITTEE MEMBER:

Kimberly Sprayberry, DVM, DACVIM, DACVECC
Associate Professor

iii

ABSTRACT
California Livestock Owners: An Assessment of Familiarity with New Antimicrobial Rules and
Access to Educational Outreach
Philip Theodor Paulson

The purpose of this research is to support the California Department of Food &
Agriculture (CDFA) with education and outreach about recent changes regarding antimicrobial
use in livestock, and to enhance their emergency communications network. This was done by
characterizing a population of small-scale livestock owners underserved with regards to
educational outreach about animal health issues, such as antimicrobial use rules. The project
also seeks to enhance public understanding of the importance of responsible antimicrobial use in
animal and human health.
To accomplish this, the study used a survey administered in person at local farm supply
stores and online to investigate the level of understanding of antimicrobial rules among livestock
owners in San Luis Obispo county. The survey gathered information about the livestock owners’
practices, connection to livestock groups, and access to information pertaining to animal health
among other things.
The results of the survey showed that respondents were largely unaware of new rules
pertaining to use of antimicrobials in livestock. Familiarity with California rules of this kind was
used as an indicator of access to information about animal health and was found to correlate
positively with knowledge about antimicrobial resistance and familiarity with federal rules
concerning antimicrobial use in livestock. As predicted, respondents with a connection to 4-H and
FFA had greater familiarity with both federal and state rules concerning antimicrobial use in
livestock.

Keywords: SB 27, antibiotics, antimicrobials, antimicrobial use in livestock, antimicrobial
resistance, antimicrobial regulatory compliance, antimicrobial stewardship.
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Chapter 1
INTRODUCTION
Since the discovery of the first antimicrobials in the 1940s, they have become an
essential part of the treatment of infectious diseases. Use of these drugs has greatly reduced
illness and death in both humans and animals, but has created selection pressures that have
resulted in the development of resistance in some bacteria and an accompanying loss of efficacy
of some antimicrobials. The possibility that the use of antimicrobials in livestock contributes to
antimicrobial resistance has led lawmakers to pass legislation at state and federal levels that
affect how antimicrobials can be given to animals and poultry that are raised, kept, or used for
profit (CDFA, 2019a).
In 2015, Governor Brown signed Senate Bill 27 into law (SB 27), which affects how
antimicrobials can be given to livestock (Food and Agriculture Code, 2015; Senate Bill No 27.,
2015). As of January 1, 2018, over the counter injectables and all other medically important
antimicrobials must be administered with a prescription or veterinary feed directive (VFD) ordered
by a California licensed veterinarian under a valid veterinarian-client-patient relationship (VCPR).
This law is in addition to the federal Veterinary Feed Directive regulations that were implemented
on January 1, 2017 (United States Food and Drug Administration, 2012; 2013a; 2013b; 2015).
SB 27 impacts the use of medically important antimicrobial drugs in all species raised or
used for profit in California. It also makes the CDFA responsible for assessment, education, and
enforcement of antimicrobial use in livestock, and specifically requires them to gather data on the
sale and usage of medically important antimicrobials, antimicrobial resistant bacteria in livestock
operations, and livestock management practices. In order to meet these challenges, the CDFA
established the Antimicrobial Use and Stewardship (AUS) Program. The AUS is collaboratively
partnering with the California livestock industry and stakeholders, including universities, to fully
implement SB 27.
While the new requirements are manageable hurdles for most large-scale producers, the
time and expense associated with establishing a VCPR and the availability of local veterinarians
may be prohibitive for small-scale producers, causing them to opt out of certain antimicrobial
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treatments or prophylaxes. Many small-scale livestock producers may also have limited access to
information about animal health and management practices and limited awareness of rules
regarding how antimicrobials and other medications can be used in food animals. It is important
to educate this population of livestock owners in order to enhance the safety of their animal
husbandry practices, to ensure compliance with changing legislation, and promote public
appreciation of responsible antimicrobial use practices in livestock production. Furthermore,
characterization of the communication networks used by this subset of backyard livestock owners
is important for future regulatory and disease outbreak communications.
Much of the CDFA’s educational outreach efforts have been through organizations such
as a state industry association (e.g. The California Pork Producers), FFA or 4-H. One of the
challenges identified by the CDFA AUS Program is providing educational outreach to backyard
livestock owners that are not part of an organized agriculture group. Little information is known
about this subset of livestock owners, including demographics, communication networks, access
to veterinary care and animal health knowledge. In some cases, this group may have very little
knowledge regarding fundamental concepts of antimicrobial use and resistance, the veterinaryclient-patient relationship, legal uses of antimicrobials, and changes in antimicrobial use
legislation.

1.1 Statement of Problem
The California Department of Food and Agriculture is concerned that there is a population
of California livestock owners that are unfamiliar with new California State rules concerning how
antimicrobials can be given to livestock. It is not known how this population can best be reached
with educational materials.

1.2 Hypothesis
An analysis of surveys administered to a subsection of livestock owners in San Luis
Obispo County will reveal a population of small-scale livestock owners underserved with regards
to veterinary care and educational outreach about animal health issues, such as antimicrobial use
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rules. Results of the survey will characterize this population and provide information about the
best routes by which to provide educational outreach to this population.

1.3 Stakeholders
There are a number of stakeholders in the project. The California Department of Food
and Agriculture’s (CDFA) Antimicrobial Use and Stewardship (AUS) program was first to identify
this problem and solicit assistance from Dr. Wishnie and Philip Paulson with assessing the
population of interest. The mission of the AUS program is to combat the development of
antimicrobial resistance in bacteria, and “provides the education and tools for veterinarians and
producers to make decisions regarding disease prevention and judicious use of antimicrobials in
livestock” (CDFA, 2019b). They are responsible to the public and to California taxpayers to help
ensure the continued efficacy of antimicrobials in use today. Specifically, the project was initiated
in response to the passage of Bill SB 27 and a desire to increase the AUS program’s ability to
communicate with small-scale livestock producers.
Another important group of stakeholders is livestock producers. SB 27 affects how
antimicrobials can be used in the production of livestock and has changed the way that many
livestock operations must tend to their animals’ health and welfare. The new legislation changes
the availability of some antimicrobials, which may cause a significant change in practices and the
cost of running some operations. It is possible that small-scale operations are affected
disproportionately, as they often have fewer resources to cope with the necessary changes and
may have limited access to information about the law.
The public are stakeholders in that they rely on a safe, healthy, secure food supply and
the continued efficacy of antimicrobials for their health and wellbeing. They are generally
represented by consumer and environmental interest groups. Taxpayers fund the CDFA and its
AUS program.
The veterinary and medical communities rely on these drugs to prevent, control and treat
disease in their patients, and to perform certain procedures like invasive surgeries.
Universities, including California Polytechnic State University, are partnering with the
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AUS program to conduct research that is essential for assessing the impacts of the current
legislation.
This project focuses on small-scale livestock producers for the reason that they are a
group that is difficult for the CDFA to reach with information about laws, practices, and
antimicrobial resistance outreach, all of which are important to the decisions they make
concerning their operations.
Future work may investigate characteristics of other stakeholder groups such as the
medical community or the public at large in terms of their understanding of antimicrobial use and
resistance.

1.4 List of Terms
“Antimicrobial Agent”: Any substance of natural, semi-natural, or synthetic origin that, at
concentrations within the treated human or animal, kills or inhibits the growth of microorganisms
by interacting with a specific target. The term antimicrobial is a collective for antiviral,
antibacterial, antifungal, antiparasitic, and antiprotozoal agents. For the purposes of this thesis,
the term antimicrobial is used exclusively as it relates to antibacterial (acting against bacteria)
properties (CDFA, 2019a).
“Medically Important Antimicrobial Drug”: Antimicrobial agents for therapeutic use in
humans. This does not include ionophores or other antimicrobial agents not important for human
therapeutic use (CDFA, 2019a).
“Veterinary Feed Directive” (VFD): A written (nonverbal) statement issued by a licensed
veterinarian that authorizes the use of a VFD drug or combination VFD drug in or on an animal
feed. This written statement authorizes the client (the owner of the animal or animals or other
caretaker) to obtain and use animal feed bearing or containing a VFD drug or combination VFD
drug to treat the client’s animals only in accordance with the conditions for use approved,
conditionally approved, or indexed by the FDA. A VFD is also referred to as a VFD order (CDFA,
2019a).
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“VFD Drug”: A drug intended for use in or on animal feed, which is limited to use under
the professional supervision of a licensed veterinarian (CDFA, 2019a).
Combination VFD Drug: An approved combination of new animal drugs intended for use in or on
animal feed under the professional supervision of a licensed veterinarian, and at least one of the
new animal drugs in the combination is a VFD drug (CDFA, 2019a).
Veterinarian-Client-Patient Relationship: A veterinarian-client-patient relationship shall be
established by the following:
(1) The client has authorized the veterinarian to assume responsibility for making
medical judgments regarding the health of the animal, including the need for
medical treatment,
(2) The veterinarian has sufficient knowledge of the animal(s) to initiate at least a
general or preliminary diagnosis of the medical condition of the animal(s). This
means that the veterinarian is personally acquainted with the care of the
animal(s) by virtue of an examination of the animal or by medically appropriate
and timely visits to the premises where the animals are kept, and
(3) The veterinarian has assumed responsibility for making medical judgments
regarding the health of the animal and has communicated with the client a course
of treatment appropriate to the circumstance (CDFA, 2019c).
“Backyard Livestock Owner”: For the purpose of this thesis, small-scale livestock owner,
small-scale producer, or backyard producer refers to people who own livestock but for whom
livestock is not a primary source of income.
“Underserved Population”: For the purposes of this thesis, and unless otherwise
specified, underserved population herein refers to a population of small-scale livestock owners
that is underserved with regards to veterinary care and educational outreach about animal health
issues, such as antimicrobial use rules.
“Federal and California rules”: Unless otherwise stated, rules refers to any and all FDA
and California specific laws, regulations, and rules that affect the how antimicrobials can be given
to livestock
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1.5 Approach
In order to address the problem, a survey was designed (see Appendix B) to identify
small-scale livestock owners that are underserved in terms veterinary care and educational
outreach about animal health issues, such as antimicrobial use rules. The responses were
analyzed to characterize this population in terms of demographics, information networks and
knowledge about antimicrobial use in livestock.
Participants were recruited at the entrance to select feed supply stores in San Luis
Obispo County that are frequented by local livestock owners.
Educational materials were designed to help livestock owners understand and comply
with new antimicrobial rules (see Appendix C) and were given to survey participants after their
responses were collected.
Chapter 2 of this thesis reviews previous studies done on related topics, Chapter 3
describes in detail the methodology and procedure used in this study, Chapter 4 describes how
data was collected and analyzed, Chapter 5 states the results of the study and discusses the
implications of those results, and Chapter 6 summarizes the study’s findings and conclusions.
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Chapter 2
LITERATURE REVIEW

2.1 Antimicrobial Use and Stewardship
Since the discovery of penicillin in 1928, antimicrobial drugs have become a regular part
of modern life (Lobanovska and Pilla, 2017). They are used to treat a wide variety of diseases in
humans and animals and are responsible for saving millions of lives (Gould and Bal, 2013; CDFA,
2019a). In addition to their use in the treatment of infectious disease in humans, they are also
used prophylactically in certain medical procedures such as invasive surgeries (Boucher et al.,
2011). Without them, many medical procedures would not be possible, and many people would
die of infectious diseases which are now considered trivial.
Antimicrobial drugs are also used in animal health to prevent, control and treat disease in
individual or groups of animals. The American Veterinary Medical Association (AVMA) defines
preventative use as the administration of an antimicrobial to mitigate the risk for acquiring disease
or infection that is anticipated based on history, clinical judgement, or epidemiological knowledge.
Control of disease is the use of antimicrobials to reduce the incidence of infectious disease in a
group of animals that already has some individuals with evidence of infectious disease or
evidence of infection. Treatment is the administration of an antimicrobial as a remedy for an
animals with evidence of infectious disease (AVMA, 2019).
While antimicrobials have become an essential part of human and animal medicine,
the potential development of antimicrobial resistance is a threat to their efficacy in animal and
human health. One of the defining characteristics of antimicrobials is their action on specific
biological targets, which means that any use of them to kill bacteria creates a selective pressure
in the bacterial population for alleles that give cells protection of some kind against the drug
(CDFA, 2019). Over time this can result in the development of antimicrobial resistant strains of
bacteria, which can cause serious problems in healthcare (CDC, 2013).
It is not clear how much the use of antimicrobials in livestock contributes to antimicrobial
resistance that affects human health. There are some that place much of the blame for
antimicrobial resistance on the livestock industry, often citing the fact that 80% of antimicrobials
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used in this country are used in animal agriculture (Landers, 2012). On the other hand, many
argue that quantity of antimicrobials used does not reflect the dangers posed in terms of the
development of antimicrobial resistance. There is certainly a need for more thorough investigation
on this topic, but in the meantime there is also a need to adopt a policy of antimicrobial
stewardship, actions taken individually and as a group to preserve the effectiveness and
availability of antimicrobial drugs through conscientious oversight and responsible medical
decision-making while safeguarding animal, public, and environmental health (AVMA, 2019).

2.2 The Law
In response to concerns about the loss of efficacy of medically important antimicrobial
drugs, The FDA produced a series of Guidance for Industry (GFI) including GFI #209 (general
guidance on the use of medically important antimicrobial drugs in livestock), GFI #213 (guidance
for drug producers) and the Veterinary Feed Directive (guidance for veterinarians). These
documents formed the basis of a conversation between veterinarians, livestock producers, and
consumer and environmental interest groups and lawmakers to determine what regulations would
be necessary feasible, and enforceable.
In 2015, Governor Brown signed Senate Bill 27 (Hill) into law (SB 27), which resulted in
additions to California Food and Agricultural Code (FAC), Division 7, Chapter 4.5, Sections
14400-14408 (Food and Agriculture Code, 2015; Senate Bill No 27., 2015). FAC 14400-14408
address the development of antimicrobial stewardship guidelines and best management
practices; surveillance of antimicrobial use as well as antimicrobial resistance patterns in bacteria;
and mandates the California Department of Food & Agriculture (CDFA) to ensure that livestock
producers in rural areas with limited veterinary care continue to have timely access to
antimicrobials (California Department of Food and Agriculture, 2017). As of January 1, 2018, over
the counter injectables and all other medically important antimicrobials must be administered with
a prescription or veterinary feed directive (VFD) ordered by a California licensed veterinarian
under a valid veterinarian-client-patient relationship (VCPR). This law is additional to the federal
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Veterinary Feed Directive regulations that were implemented on January 1, 2017 (United States
Food and Drug Administration, 2012; 2013a; 2013b; 2015).

2.3 Backyard Livestock Owners
In the United States, small-scale or backyard farming is growing in popularity along side
organic and local food movements (Hoey and Sponseller, 2018). Products of backyard livestock
are frequently used for personal consumption, bartering, gifting or sales. For many purposes, this
group of livestock owners must be considered separately from large scale commercial producers
because they often have more limited access to information and resources needed to manage
their animals’ health. Few backyard livestock producers make use of veterinarian services for
example and most use vaccines and antimicrobials at much lower levels than those used by
commercial producers (USDA, 2005).
The nature of small-scale livestock producers makes it difficult to gather information on
them. Various methods have been employed to estimate the number of these producers and to
understand their methods and knowledge concerning their animals’ health. When proximity to
commercial operations is considered of particularly high importance, researchers have canvassed
door-to-door within a given radius of the operations of interest (Garber et al., 2007). Other studies
have used web-based surveys and a chain referral technique to access this hard-to-reach
population across the United States (McClintock et al., 2014). Another strategy used to examine
the effects of backyard poultry production on animal health and antimicrobial resistance included
recreating the conditions commonly seen in backyard production to compare it to conditions
commonly seen in larger operations (Braykov et al., 2016).
A common motivation to study small-scale livestock operations is related to the
containment of livestock disease epidemics. Research in this area has focused largely on
chickens. For example, backyard chickens were found to have played a significant role in Exotic
Newcastle Disease outbreaks in California in 1998 (Crespo et al., 1999), and in Italy in 2000
(Capua et al., 2002). Smith and Dunipace (2011) argue that even if backyard flocks are less
susceptible to disease than are commercial flocks, that their impact on avian influenza epidemics
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are significant. Overall, livestock owners use and knowledge of antimicrobials has not been well
studied.
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Chapter 3
METHODOLOGY AND PROCEDURES

This chapter describes the materials and methods used in this study, including the
rationale behind the survey design, participant selection, specific methods and procedures,
materials used, and ethical considerations.

3.1 Research Methodology
The primary objective of the study was to identify a population of small-scale livestock
owners underserved with regards to veterinary care and educational outreach about animal
health issues, such as antimicrobial use rules. The survey was, therefore, designed to
characterize respondents based on the nature of their livestock, their information networks and
their knowledge of antimicrobials and rules pertaining to them.
Survey questions were written in consultation with the CFDA’s AUS Program staff.
Several questions about veterinarian use, antimicrobial use, antimicrobial resistance attitudes,
and information access (Questions #9, 10, 14, 16, and 19) were taken from a survey used in a
previous study conducted by the CDFA. Faculty at California Polytechnic State University
(hereinafter Cal Poly) who had significant experience with surveys were also consulted. The
survey produced was largely quantitative.
Most of the questions were written to allow respondents to “check all [answers] that
apply” as it provided the best opportunity to collect all relevant information. This design allowed
respondents to record all of the ways in which they accessed information, used their animal
products, and used veterinary services.
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3.2 Participant Selection
In this pilot study, small-scale livestock owners in San Luis Obispo County were used as
a sample of the California small-scale livestock owners population. The nature of small-scale
livestock owners makes them difficult to access with educational materials.
The primary method of collecting survey responses was in person at the entrance of feed
supply stores in San Luis Obispo County. This was deemed appropriate because it appeared to
be one of the few physical places that a large percentage of the target population would come to.
Online solicitation for surveys was also used as it allowed us to obtain responses from a wider
reaching selection of the population.
Criteria for participant selection in either of these venues was ownership of livestock. In
cases where two or more potential participants shared ownership of livestock, only one was
surveyed and represented the caretaking of those animals for all people responsible for them. In
order to be used in the analyses, the respondent also had to live in SLO County. This was asked
in the survey so the responses could be separated out during analysis.

3.3 Specific Methods and Procedures
The primary method used to collect survey responses was in person at three Farm
Supply Company locations in San Luis Obispo, Paso Robles, and Arroyo Grande:
224 Tank Farm Road, San Luis Obispo, CA 93401
2450 Ramada Drive, Paso Robles, CA 93446
1079 El Camino Real, Arroyo Grande, CA 93420
These stores were chosen because they represented the source of supplies for a large
proportion of small-scale livestock owners in the county and Farm Supply Company gave their
permission to collect surveys at those locations. Customers entering and exiting the store were
asked if they owned or cared for any livestock. If they did, they were asked if they would
participate in the study and were told that it would take about 10 minutes. Depending on the
participant’s desire, they took the survey in one of three different ways: 1) they filled out a paper
version of the survey, which was collected and the information later input into Survey Monkey by
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the researcher; 2) they completed the survey directly on Survey Monkey using a computer
provided by the researcher; or 3) the survey was read aloud to the participant by the researcher
and the response to each question was recorded by the researcher as they were verbally
selected by the participant. The third option was used in situations where the participant was
uncomfortable using the computer, reading the survey themselves, or simply at their request.
Data collection took place between 9:30 am and 5:00 pm on 10 different days in July and
August of 2018. During the first few days of collection, Cal Poly branded pencils were offered to
participants as an incentive to take the survey, but this was discontinued as interest in the pencils
was low.
Other survey responses were collected online using Facebook. A message was posted
on pages of livestock husbandry, sales and interest groups that were associated with San Luis
Obispo County or California as a whole. The message posted was as follows:
“Hi! I’m Philip Paulson, an animal science graduate student at Cal Poly San Luis
Obispo. My thesis project includes surveying people who keep livestock, including
horses and chickens. The purpose is to gather demographic data and improve
livestock owners’ access to information about animal health and antibiotic
resistance. The survey is anonymous and takes 10 minutes or less. I would greatly
appreciate your participation!
Just click the link:
https://www.surveymonkey.com/r/B9XGHD5
Thank you!
Phil”

The link to the survey that was included could be used only once by any given IP
address. This was to prevent individuals with ill-intentions from being able to significantly affect
the survey results. The separate link also allowed results obtained online to be distinguished from
those collected in person.
3.4 Materials
The materials used in this study include the survey described above as well as
educational materials designed by Cal Poly Animal Science student Bailey Munday as part of her
senior project (see Appendix C). These educational materials concisely explain important
13

components of the new California antimicrobial rules and were intended to help livestock owners
comply with them. The educational materials were given to participants after they had completed
the survey. Survey Monkey was used for survey design and all data collection. The data was
collected on a computer borrowed from the Cal Poly Media Resource Center.

3.5 Ethical Considerations
An application was submitted for this project to the Cal Poly Institutional Review Board
(IRB) Committee. Before answering any survey questions, all participants (both in-person and
online) agreed to the following informed consent:
“A research project on backyard livestock producers is being conducted
by Philip Paulson, a graduate student in the Department of Animal Science at Cal
Poly, San Luis Obispo, under the supervision of Dr. Jennifer Wishnie. The purpose
of the study is to gather demographic information about backyard livestock
producers and assess their access to veterinary care and animal husbandry
information.
You are being asked to take part in this study by completing the following
questionnaire. Your participation will take approximately 10 minutes. Please be
aware that you are not required to participate in this research, you may omit any
items that you prefer not to answer, and you may discontinue your participation at
any time without penalty.
Your responses will be provided anonymously to protect your privacy.
Potential benefits associated with the study include understanding how regulatory
changes can affect medicines used in backyard animals and better understanding
of key communication channels to provide backyard livestock producers with
important animal health, public health, and regulatory topics now and in the future.
If you have questions regarding this study or would like to be informed of
the results when the study is completed, please feel free to contact Philip Paulson
(ptpaulso@calpolu.edu) or Dr. Jennifer Wishnie (jwishnie@calpoly.edu). If you
have concerns regarding the manner in which the study is conducted, you may
contact Dr. Michael Black, Chair of the Cal Poly Institutional Review Board, at (805)
756-2894, mblack@calpoly.edu, or Ms. Debbie Hart, Compliance Officer, at (805)
756-1508, dahart@calpoly.edu.
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If you agree to voluntarily participate in this research project as described,
please indicate your agreement by completing and submitting the following
questionnaire. Please print a copy of this consent form now for your reference,
and thank you for your participation in this research.”
Without agreeing to the informed consent statement, it was not possible for the
participants to continue taking the survey. Participation in the survey was anonymous. The names
of participants were not recorded nor were any other personal identifying information.

3.6 Data Collection and Analysis
Whether directly or indirectly, all survey responses were collected in Survey Monkey. The
survey data was then downloaded in several forms for use in various analyses. For the creation
of bar charts representing single survey questions, the data was downloaded into Microsoft Excel
2016. For comparisons between survey questions, the data were downloaded in the form of
comma separated values (CSV) and were analyzed using JMP Pro 13. Most of the relationships
were determined using contingency tables and Chi-Square tests. Statistical significance was
determined using an alpha level of .05.
In order to run some of the analyses and produce certain graphs, it was necessary to
manually alter the Excel and CSV files. In some cases, empty cells were replaced with a
placeholder number. The placeholder number used was “-99”, because it is number which would
not be present in any cells otherwise. In other cases, additional columns were created to interpret
columns or summarize several existing columns that were to be grouped together. For example,
a column was created to indicate whether a respondent used any of their animals for meat, and
another which indicated whether the respondent had greater than 10 animals total or not.
In particular, data was analyzed to identify characteristics of people who had the lowest
level of familiarity with the recent Federal and California antimicrobial rules. Of greatest
importance were the ways in which this population accesses information about animal care as
this provides insight into the best means of reaching this population with the information they
need to understand and comply with the rules.
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Chapter 4
RESULTS AND DISCUSSION

The only question that respondents were required to answer before moving on to the
others was the informed consent page. Answering “No, I don’t consent (Exit survey)” ended the
session without allowing the respondent to answer any other questions. Respondents were able
to skip any of the other questions as they took the survey. Thus, each question was not answered
by all of the respondents.
A total of 172 people opened the survey, and 158 of those consented to participate. Of
those 158 who actually took the survey, 105 answered that they lived in SLO county. Only the
respondents living in San Luis Obispo County met the criteria, so only these 105 were used in the
following analyses.

4.1 Respondents’ Familiarity with Antimicrobial Rules
The population of interest to this study is that of small-scale livestock owners
underserved with regards to veterinary care and educational outreach about animal health issues,
such as antimicrobial use rules. The survey contained questions that assessed the respondents’
familiarity with FDA and California rules concerning how antimicrobials can be given to livestock
(Table 1). In order to characterize this population, the respondents that indicated they had low
familiarity with changes made to California state law in January 2018 concerning how
antimicrobials can be given to livestock were compared to the group of respondents with high
familiarity with those rules.
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Table 1. Familiarity with rules affecting how antimicrobials can be given to livestock.
Responses to Question #12, “How familiar are you with the National Food and Drug
Administration (FDA) regulations that were implemented in January 2017 concerning how
antibiotics can be given to livestock?” and Question #13, “How familiar are you with the changes
made to California state law in January 2018 concerning how antibiotics can be given to
livestock?”
Level of familiarity
Not at all familiar

Federal rules, Question #12
(n=105)
44%

California rules, Question #13
(n=105)
50%

Not familiar

18%

19%

Somewhat familiar

23%

19%

Very familiar

12%

10%

Extremely familiar

3%

3%

4.2 Comparison of Respondents Familiar and Unfamiliar with Antimicrobial Rules
Familiarity with California rules was used to identify an underserved population because
the new California rules are the primary focus of this study. Respondents that answered “not at all
familiar” or “not familiar” to Question #13 about California rules were grouped and will be referred
to as “unfamiliar with California rules” and those that answered “somewhat familiar,” “very
familiar,” or “extremely familiar” were grouped and will be referred to as “familiar with California
rules”. The following tables compare responses of those unfamiliar to those with familiar with new
California antimicrobial rules. Of the respondents from SLO County, 69% fell into the “unfamiliar”
group and 31% fell into the “familiar” group. For both Federal and California rules, familiarity was
lower than expected. Familiarity with California rules was even lower than familiarity with federal
rules.
Question #3 asked how many of each type of livestock the respondent owned. This
information was used to calculate the percentage of respondents that owned each type of
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livestock and the total amount of animals owned by each respondent. On average, respondents
familiar with California rules had a greater number of animals (Tables 2 and 3).

Table 2. Types of Livestock. The percentage of respondents in each group that had at least one
of the given type of animal, from responses to Question #3, “How many of each type of livestock
do you have?”
Livestock type

Respondents familiar with
California rules (n=33)

Respondents unfamiliar with
California rules (n=72)

Alpaca

9%

1%

Cattle

33%

26%

Chickens

45%

53%

Donkeys

3%

6%

Ducks

12%

3%

Goats

27%

17%

Geese

3%

7%

Guineafowl

0%

1%

Horses

39%

51%

Llamas

3%

1%

Mules

3%

0%

Pigs

24%

11%

Rabbits

12%

6%

Sheep

21%

14%

Turkeys

6%

6%

Quail

3%

1%
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Table 3. Total number of Animals. Statistics for total number of animals owned by respondents,
from responses to Question #3, “How many of each type of livestock do you have?”
Number of animals

Respondents familiar with
California rules (n=31)

Respondents unfamiliar with
California rules (n=72)

Mean

63

40

Median

13

10

Question #4 asked about the purpose for which livestock were raised and whether their
animals were associated with 4-H or FFA (Table 4). A greater percentage of respondents familiar
with California rules kept animals for milk and for show than did respondents unfamiliar with
California rules. They were also significantly more likely to have an animal associated with 4-H or
FFA (p=.0040, see page 34).

Table 4. Purpose of Livestock. The percentage of respondents who kept at least one type of
animal for the purpose of meat, eggs, milk, or show. Responses to Question #4, “For what
purpose do you raise each type of livestock? Are these animals associated with 4H or FFA?”
Purpose of livestock

Respondents familiar with
California rules (n=31)

Respondents unfamiliar with
California rules (n=72)

Meat

52%

46%

Eggs

52%

51%

Milk

10%

4%

Show

32%

11%
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Table 5. Association with 4-H or FFA. Respondents that did or did not have at least one animal
associated with 4-H or FFA, from responses to Question #4, “For what purpose do you raise each
type of livestock? Are these animals associated with 4H or FFA?”

Had at least one animal

Respondents familiar with
California rules (n=31)

Respondents unfamiliar with
California rules (n=72)

35%

11%

65%

89%

associated with 4-H or FFA
Did not have any animals
associated with 4-H or FFA

Question #5 of the survey asked in what way the products of the livestock were used
(Table 6). Respondents unfamiliar with California rules were more likely to consume their animal
products on site and give them away, but less likely to barter or sell them. It is possible that
livestock owners who barter and sell their products are more active in seeking information about
rules they need to abide for these transactions than those giving away products or consuming
them themselves.

Table 6. Usage of Animal Products. Responses to Question #5, “How are the products of your
livestock used? (check all that apply)”
Usage of animal products

Respondents familiar with
California rules (n=33)

Respondents unfamiliar with
California rules (n=72)

Consumed on site

52%

61%

Given away

30%

35%

Bartered

30%

15%

Sold

55%

41%
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Question #6 of the survey asked how good respondents felt their access to information
about animal care was (Table 7). A majority (81%) of people who are unfamiliar with California
rules feel that they have very good access or better to information about animal care. It is
possible that many livestock owners believe they are well informed even though important pieces
of information such as those about antimicrobial rules never reach them. The distribution for
respondents familiar with California rules was similar.

Table 7. Perceived quality of access to information about animal care. Responses of to
Question #6, “Do you feel that you have good access to the information you need to care for your
animals?”
Quality of access
Bad

Respondents familiar with
California rules (n= 32)
0%

Respondents unfamiliar with
California rules (n=71)
1%

Not very good

3%

3%

Good

16%

14%

Very good

31%

42%

Extremely good

50%

39%

Question #7 asked respondents where they got information about animal husbandry and
animal care practices (Table 8). The most used sources of information for both groups were other
livestock owners, websites, and veterinarians. Respondents unfamiliar with California rules were
more likely to use farm supply stores and social media, and less likely to use blogs/online forums,
organizations livestock journals and books.
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Table 8. Source of information about animal health and husbandry practices. Responses to
Question #7, “Where do you get information about animal health and animal husbandry/animal
care practices? (check all that apply)”
Source
Veterinarian

Respondents familiar with
California rules (n=33)
64%

Respondents unfamiliar with
California rules (n=72)
72%

Farm supply store

36%

61%

Other livestock owners

60%

81%

Co-operative extensions

6%

7%

Websites

57%

79%

Blogs/online forums

21%

14%

Social media

12%

22%

Organizations

42%

28%

Livestock journals

33%

15%

Books

48%

40%

Pet/feed store

27%

31%

I don’t have good access to

0%

0%

0%

0%

this information
I don’t want or need this
information

Question #8 asked whether anyone in the respondent’s household worked for a
commercial livestock operation (Table 9). These results are notable because a slightly greater
percent of the population unfamiliar with California rules had a household member work for a
commercial livestock operation than that of respondents familiar with California rules. This
suggests that contact with commercial livestock operations did not increase the likelihood of
being familiar with rules about antimicrobial use in livestock.
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Table 9. Connection to commercial operation. Responses to Question #8, “Do you or anyone
in your household work for a commercial livestock operation?”

Yes

Respondents familiar with
California rules (n=33)
12%

Respondents unfamiliar with
California rules (n=71)
14%

No

88%

86%

Question 9 asked respondents how they used veterinarians in 2017 (Table 10). This
question was predicted to show a significant difference between populations familiar and
unfamiliar with antimicrobial rules, but no difference was seen except for phone and email
consultations, which respondents familiar with California rules used more.

Table 10. Use of veterinarians in 2017. Responses to Question #9, “How did you use
veterinarians in 2017?”

Veterinarian made regular or

Respondents familiar with
California rules (n=32)
44%

Respondents unfamiliar with
California rules (n=72)
43%

44%

42%

41%

22%

0%

0%

0%

2%

routine visits
Veterinarian was called out
only for emergencies
Veterinarian was consulted
over the phone or by email
Veterinarian was only used
for feed VFDs and water
prescriptions
I am a veterinarian and
provided veterinary services
for my livestock
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Did not use a veterinarian in

22%

28%

2017

For respondents that did not use a veterinarian in 2017, Question 10 asked why they did
not (Table 11). No difference was seen between familiar and unfamiliar populations. A large
number of respondents said that a veterinarian was not needed and a few said that they were too
expensive. In the “other” category, one respondent wrote “I worked as a vet tech in the past so I
already have some knowledge of medicine” and another said “There aren't many trusted vets out
here.”

Table 11. Reason for not using veterinarians in 2017. Responses to Question #10, “If you did
NOT use a veterinarian in 2017, which of the following reasons did you have for not using a
veterinarian? (Check all that apply)”
Respondents familiar with
California rules (n=29)
0%

Respondents unfamiliar with
California rules (n=70)
1%

3%

1%

Too expensive

3%

7%

Not available at times needed

0%

0%

Not needed for my livestock

31%

23%

I did use a veterinarian in

66%

70%

Veterinarian was not
available in the local area
Veterinarian was available
but not knowledgeable about
the kinds of livestock I own

(for emergencies)

2017
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Question #11 asked about factors that may limit the ability of the respondent to care for
their animals (Table 12). Many respondents said that none of the above were limitations, but
many also cited cost of medications as a limitation. Respondents familiar with California rules
were more likely to say that access to medications and information were limitations. Like the
results of Question #6 (Table 7), this suggests that people with limited access to information are
unaware that there is information they are not aware of.

Table 12. Limitations on the respondents’ ability to care for their livestock. Responses to
Question #11, “Which of these (if any) do you consider a limitation on your animals’ health and
welfare? (check all that apply)”
Limitation
Cost of medications

Respondents familiar with
California rules (n=32)
31%

Respondents unfamiliar with
California rules(n=69)
35%

Access to medications

34%

20%

Access to information

13%

7%

Amount of space to keep

9%

12%

34%

45%

them
None of the above

Question #14 asked how the respondents’ antibiotic use practices were affected by the
January 2018 California rules (Table 13). As was expected, a major difference was seen between
familiar and unfamiliar groups. The majority of respondents unfamiliar with California rules did not
change their practices because they were unaware of the legal changes, whereas the majority of
the other group said that their practices were not affected by the law. Respondents familiar with
California rules were also more likely to change their husbandry practices and use fewer
antibiotics, different antibiotics, and alternative treatments other than antibiotics.

25

Table 13. Effect of California rules on antimicrobial use. Responses to Question #14, “How
did the January 2018 California state legal changes affect your antibiotic use practices? (check all
that apply)”

I use fewer antibiotics

Respondents familiar with
California rules (n=33)
15%

Respondents unfamiliar with
California rules(n=72)
3%

I use different antibiotics

18%

1%

I use more additional or

21%

4%

12%

3%

55%

18%

3%

79%

alternative treatments other
than antibiotics
I have made changes to my
husbandry/management
practices
I have not changed my
practices because they were
not affected by the legal
changes
I have not changed my
practices because I was
unaware of the legal changes

Question #15 asked respondents how knowledgeable they were about the impacts of
antimicrobial use in livestock (Table 14). Respondents unfamiliar with California rules rated their
knowledge significantly lower (p= .0002, see page 32).
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Table 14. Respondents’ self-assessed knowledge of the effects of antimicrobial use in
livestock. Responses to Question #15, “How knowledgeable are you about the impacts of
antibiotic use in livestock?”

Not at all knowledgeable

Respondents familiar with
California rules (n=33)
3%

Respondents unfamiliar with
California rules(n=72)
10%

Not knowledgeable

3%

29%

Somewhat knowledgeable

48%

43%

Very knowledgeable

30%

17%

Extremely knowledgeable

15%

1%

Question #16 assessed respondents’ opinions and knowledge of antimicrobial resistance
by asking the extent to which they agree with a series of statements (figure 1).
o

Statement #1, “Current antibiotic use practices in animal agriculture will make it
harder to treat livestock infections in the future.”

o

Statement #2, “Antibiotic use in livestock does not cause problems in humans.”

o

Statement #3, “Antibiotic use in livestock leads to bacterial infections in people
that are more difficult to treat.”

o

Statement #4, “Any use of antibiotics may result in infections that are more
difficult to treat in the future.”

o

Statement #5, “I would be willing to treat my animals with alternatives to
antibiotics if they are equally effective”.

The distributions were similar, though respondents unfamiliar with California rules were
less likely to agree with Statement #2 and more likely to remain neutral in general.
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Figure 1. Agreement with statements related to antimicrobial use in livestock. Responses to
Question #15, “To what extent do you agree with the following statements relating to antibiotic
resistance?” Statement #1, “Current antibiotic use practices in animal agriculture will make it
harder to treat livestock infections in the future.” Statement #2, “Antibiotic use in livestock does
not cause problems in humans.” Statement #3, “Antibiotic use in livestock leads to bacterial
infections in people that are more difficult to treat.” Statement #4, “Any use of antibiotics may
result in infections that are more difficult to treat in the future.” Statement #5, “I would be willing to
treat my animals with alternatives to antibiotics if they are equally effective” (n=33 for familiar and
n=72 for unfamiliar).
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Question #17 assessed the respondents’ opinion of the amount of regulation affecting
small-scale livestock operations (Table 15). The majority of respondents unfamiliar with California
rules did not know enough to form an opinion and a plurality of respondents familiar with
California rules wanted less regulation.

Table 15. Respondents’ opinion on the amount of regulation of small-scale livestock
operations. Responses to Question #17, “What is your opinion regarding current federal and
state regulations pertaining to small-scale non-commercial livestock owners?”

The current amount of

Respondents familiar with
California rules (n=33)
15%

Respondents unfamiliar with
California rules(n=72)
10%

6%

3%

42%

18%

36%

69%

regulation is reasonable
There should be more
regulation
There should be less
regulation
I don’t know enough about
current regulations to say

Question #18 asked what topics respondents were interested in learning more about
(Table 16). The distribution was similar between familiar and unfamiliar respondents and was
fairly even across the topics offered as answer choices.
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Table 16. Respondents’ interest in obtaining information on antimicrobial and animal care
topics. Responses of underserved population to Question #18, “Would you be interested in
obtaining information on the following topics? (check all that apply)”

Antibiotic resistance patterns

Respondents familiar with
California rules (n=31)
42%

Respondents unfamiliar with
California rules(n=69)
48%

Antibiotic usage guidelines

55%

48%

Best management practices

58%

64%

None of the above

32%

28%

Question 19 asked by what means respondents would prefer to obtain information on
antimicrobial and animal care topics (Table 17). The majority of both groups preferred a website.
Several respondents from both groups selected “other” and wrote they wanted to get info from a
veterinarian.

Table 17. Respondents’ preferred method of obtaining information on antimicrobial and
animal care topics. Responses of underserved population to Question #19, “How would you
prefer to obtain information on relevant antibiotic resistance patterns, antibiotic usage guidelines,
and best management practices? (check all that apply)”

Website

Respondents familiar with
California rules (n=32)
75%

Respondents unfamiliar with
California rules (n=70)
63%

Electronic newsletter

31%

41%

Paper newsletter

19%

29%

Videos or webinars

9%

19%

Printed handbooks

31%

31%

Electronic/digital handbooks

13%

6%

Workshops, presentations, or

25%

24%

25%

10%

talks
Mobile phone app
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4.3 Inferences About Backyard Livestock Owners in SLO County
In this section, we use survey results to make inferences about livestock owners in San
Luis Obispo County. Familiarity with California rules about how antimicrobials can be used in
livestock has been used extensively in this study as an indicator of the respondents’ access to
information. Here, the soundness of using that indicator was investigated in a few ways. One
measure of its appropriateness is the extent to which familiarity with California rules is correlated
with familiarity with other rules, like those of the FDA. Another measure chosen by this study is
the extent to which it correlates with the knowledge about the impacts of antimicrobial use in
livestock.
A Chi Square test was used to determine that respondents familiar with California rules
had statistically significantly greater familiarity with FDA rules about how antimicrobials can be
given to livestock (Chi Square=59.121, p<.0001, df=1, n=105, figure 2). Another Chi Square test
was used to determine that respondents familiar with California rules had statistically significantly
greater self-assessed knowledge about the impacts of antimicrobial use in livestock (Chi
Square=13.493, p=.0002, df=1, n=105 , figure 3).
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Figure 2. Mosaic plot and contingency table for familiarity with California rules vs
familiarity with FDA rules. A Chi-Square test was used to determine that respondents that had
high familiarity with California rules had statistically significantly greater familiarity with FDA rules
about how antimicrobials can be given to livestock (Chi Square=59.121, p<.0001, df=1, n=105).

Figure 3. Mosaic plot and contingency table for familiarity with California rules vs
knowledge of about impacts of antimicrobial use in livestock. A Chi-Square test was used to
determine that respondents that had high familiarity with California rules had statistically
significantly greater self-assessed knowledge of about impacts of antimicrobial use in livestock
(Chi Square=13.493, p=.0002, df=1, n=105).
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In approaching the underserved population, one of the principles that we are working on
is that people with animals associated with livestock organizations like 4-H and FFA have greater
access to information about livestock care. Testing this concept using survey data, familiarity with
California rules (Question #13) was compared to whether the respondent owned any animals
associated with 4-H or FFA (from Question #4). The method used above to define whether a
respondent was a part of the underserved population was again applied to California antimicrobial
rules familiarity: Respondents who were “not familiar” or “not at all familiar” were grouped into
“low familiarity” and respondents who were “somewhat familiar”, “very familiar” or “extremely
familiar” were grouped into “high familiarity.” A Chi-Square test was used to determine that
livestock owners with at least one animal associated with 4-H or FFA had statistically significantly
greater familiarity with changes made to California state law in January 2018 concerning how
antimicrobials can be given to livestock than livestock owners that did not have any animals
associated with 4-H or FFA (Chi Square=8.275, p=.0040, df=1, figure 4)
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Figure 4. Mosaic plot and contingency table for having an animal associated with 4-H or
FFA vs familiarity with California rules. A Chi-Square test was used to determine that livestock
owners with at least one animal associated with 4-H or FFA had statistically significantly greater
familiarity with changes made to California state law in January 2018 concerning how
antimicrobials can be given to livestock than livestock owners that did not have any animals
associated with 4-H or FFA (Chi Square=8.275, p=.0040, df=1, n=105).

A major characteristic that distinguishes livestock operations is their size. It was
hypothesized that smaller livestock operations would generally be more underserved than large
operations. To test this hypothesis, respondents were grouped into livestock owners with fewer
than 11 total animals and those with 11 or more total animals (from Question #3). This division
was chosen because the median number of animals among SLO county respondents was 11.
This was compared to familiarity with California rules as explained above. A Chi-Square test was
run to determine that livestock owners with 11 animals or more had greater familiarity with
changes made to California state law in January 2018 concerning how antimicrobials can be
given to livestock than livestock owners that had fewer than 11 animals. While there was a trend
suggesting that the hypothesis was true, the correlation was not statistically significant (figure 5).
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Figure 5. Mosaic plot and contingency table for having 11 or more animals vs familiarity
with California rules. A Chi-Square test was used to determine if livestock owners with 11 or
more animals had greater familiarity with changes made to California state law in January 2018
concerning how antimicrobials can be given to livestock than livestock owners with fewer than 11
animals. The correlation is not statistically significant.
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Chapter 5
SUMMARY AND CONCLUSIONS

An analysis of the surveys administered to livestock owners in San Luis Obispo County
revealed characteristics of a subset of that population that are underserved with regards to
veterinary care and educational outreach about animal health issues, such as antimicrobial use
rules.

5.1 Summary of Survey Results
Survey results showed that respondents were largely unaware of new rules pertaining to
use of antimicrobials in livestock, 69% or respondents being either “not familiar” or “not at all
familiar” with California rules and 62% being either “not familiar” or “not at all familiar” with
Federal rules. Chickens and horses were the most common livestock owned, each being owned
by more than half of respondents. The average number of animals owned by respondents
unfamiliar with California rules was less than that of SLO County respondents in general, though
the correlation was not statistically significant. The majority of respondents consumed the
products of their livestock on site.
Of the respondents that were “not familiar” or “not at all familiar” with California rules
affecting how antimicrobials can be given to livestock, 81% that they had “very good” or
“extremely good” access to the information they needed to care for their animals. This suggest
the possibility that many livestock owners believe they are well informed even though important
pieces of information such as those about antimicrobial rules never reach them.
It was hypothesized that respondents unfamiliar with California rules would use
veterinarians less than the rest of the population, but no major differences were seen in this
respect. The most common reason for using veterinarians was that they were not needed, and
expense was the second most common reason.
Unexpectedly, a slightly greater percent of the population unfamiliar with California rules
had a household member work for a commercial livestock operation than that of respondents
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from SLO County in general, suggesting that contact with commercial livestock operations did not
increase the likelihood of being familiar with rules about antimicrobial use in livestock.
The most used sources of information about animal health and husbandry practices for
both groups were other livestock owners, websites, and veterinarians. The most commonly
preferred means of obtaining information on antimicrobial and animal care topics was by website.
Newsletters, printed handbooks and workshops were also popular choices.
Cost of medications was a limitation on more respondents’ ability to care for their
livestock than was access to medication or access to information. The California rules concerning
antimicrobial use in livestock did not change the majority of respondents’ practices because they
were unaware of the legal changes. The majority of respondents did not know enough about
regulation of small-scale livestock owners to form an opinion as to whether there should be more
or less regulation.
Familiarity with California rules affecting how antimicrobials can be given to livestock was
found to correlate positively with knowledge about antimicrobial resistance and familiarity with
federal rules concerning antimicrobial use in livestock. Respondents with a connection to 4-H and
FFA also had greater familiarity with both federal and state rules concerning antimicrobial use in
livestock.

5.2 Limitations
After analyzing the results of the study, different survey strategies seem like they might
have yielded more useful information. Most of the questions in the survey were written to allow
respondents to “check all [answers] that apply” as it provided the best opportunity to collect all
relevant information. This design allowed respondents to record all of the ways in which they
accessed information, used their animal products, and used veterinary services, for example.
In retrospect, however, questions in which respondents can choose only one answer may
be more useful in some situations. This would force respondents to choose the most important,
most common, or best answer, which might allow for a clearer separation between groups of
interest and have less overlap. For example, most people got information both from veterinarians
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and websites, but making respondents chose their most used source of information may have
identified distinct groups that get information primarily from one of these sources or the other.
Another limitation of this study was the sampling. Responses were gathered at three
store locations of the same supply company. Though the products at the stores were wideranging, there is still likely a particular cross-section of the population that frequents these sites. A
future study gathering data across a greater area may be able to collect surveys from a wider
variety of locations to somewhat decrease sampling bias.
In terms of this study’s application to characterizing small-scale livestock owners in
California, it is difficult to determine the extent to which the residents of San Luis Obispo county
reflect the residents of California. Likely, a state-wide survey is needed to understand the impacts
of the new California rules.
Future studies may choose to use a similar approach to the one used here. As stated
above, it may be advantageous to use less “select all that apply” style questions and to collect
surveys at a variety of different locations. It may also be useful to ask some questions that were
not asked in this study, including questions that uncover more detailed ways in which
antimicrobials and other medications are used on respondents’ farms. It would also be useful to
gather more detail about respondents’ sources of information, such as what kind of veterinarian
(large or small animal), which social media platforms, and what kind of websites or blogs.

5.3 Contribution of Study
This project both informs the CDFA about this underserved population and serves as a
pilot study for future research across a larger area. The results of this research will support
CDFA’s efforts to ensure compliance with SB 27, enhance understanding of the needs of this
underserved population (including regarding educational outreach and veterinary care), and
establish communication networks through which this subset of livestock producers can be
reached. This research will enhance understanding of the importance of responsible antimicrobial
use in animal and human health, and support animal health and welfare among small-scale
livestock producers.
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